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INTRODUCTION
Primary gallbladder carcinoma (GBC) is relatively rare worldwide, but is the most common malignancy of the biliary tract system [1] . GBC is the seventh most common gastrointestinal cancer [2] and is attributable to approximately 1% of all cancer cases in China [3] . The incidence of this malignancy was recently reported to be approximately 2.5 per 100000 persons [4] . The prognosis of GBC is still typically poor due to nonspecific symptoms, late diagnosis, lack of treatment options, and the absence of effective prognostic markers. According to epidemiological studies, the overall survival (OS) of GBC patients is 6 mo, with a 5-year survival rate of less than 10% [1, [5] [6] [7] . Therefore, investigations on the prognostic factors of GBC are especially important.
The association between hemostasis and cancer, and the influence of hemostatic factors on cancer development, growth, and metastasis are evident [8, 9] . Fibrinogen is a 340-kDa plasma glycoprotein that is upregulated during systemic inflammation and tissue injury. Fibrinogen is synthesized in the liver and transformed into fibrin through the activity of activated thrombin, which is a key coagulation factor in platelet aggregation, clot formation, wound healing, and coagulation [10] [11] [12] . A number of studies have shown that plasma fibrinogen levels are upregulated in various cancer types, such as respiratory system tumors [13, 14] , digestive system tumors [15] [16] [17] [18] , gynecological tumors [19] [20] [21] [22] , head and neck cancer [23, 24] and genitourinary tumors [25, 26] , and may indicate cancer progression, metastasis and recurrence [17, 22, [27] [28] [29] . However, to our knowledge, studies on the prognostic value of plasma fibrinogen levels in GBC are very rare [30] . In addition, CA199 has been traditionally used for the diagnosis and prognosis of GBC [31] ; however, the reported results on its prognostic value in GBC patients are inconsistent and controversial [30, 32, 33] . Therefore, we hypothesized that the combination of plasma fibrinogen and CA199 levels may avoid inconsistent results and increase the prognostic accuracy for GBC.
Hence, the aim of the current study was to investigate the prognostic value of the combination of plasma fibrinogen and CA199 levels in patients with GBC. Additionally, we aimed to determine whether the combination of plasma fibrinogen and CA199 levels can serve as a more efficient predictive factor than either parameter alone in patients with GBC. 
MATERIALS AND METHODS

Study population
Plasma fibrinogen concentration and CA199 level
The plasma fibrinogen concentration and CA199 level were measured within 3 d before surgery as part of a routine workup in these patients. The fibrinogen concentration was measured based on the Clauss method as previously described [34] , and the CA199 level was determined via an electrochemiluminescence immunoassay at the Department of Liver Surgery of the Peking Union Medical Hospital affiliated to Peking Union Medical College, Beijing, China. According to the assay protocols, the normal reference values were as follows: serum fibrinogen concentration ≤ 4.0 g/L and CA199 level ≤ 39 U/mL.
Clinical treatment and follow-up assessments
All patients were treated by modified radical cholecy stectomy or radical cholecystectomy and received systemic therapy in the adjuvant setting. All patients were followed via telephone interviews. The patients were carefully followed at 3mo intervals for the first 2 years after surgery, at 6-mo intervals during the third year, and at 1-year intervals thereafter. The date of surgery marked the beginning of the follow-up period, which ended at the last follow-up visit (December 2017) or death.
Statistical analysis
Continuous variables are expressed as means ± standard deviation for normally distributed variables (Kolmogorov-Smirnov test, P > 0.05) or as medians (range) for non-normally distributed variables, and categorical variables were expressed as frequencies and percentages. OS was defined as the time from surgery to death from any cause or the last follow-up. A receiver operating characteristic (ROC) curve for OS prediction was constructed to estimate the optimal cut-off value for plasma fibrinogen, which allowed us to treat this parameter as a binary variable. The optimal cut-off value was determined as the point on the ROC curve that maximizes the Youden index. The area under the ROC curve (AUC) was used to calculate discrimination ability. The associations between clinicopathological variables and pretreatment plasma fibrinogen levels were assessed using either the chi-square test or the trend version of the chi-square test, as appropriate. Survival curves were generated using the Kaplan-Meier method, and the log-rank test was used to evaluate survival differences between groups. A univariate analysis using the log-rank test was performed to screen variables that could potentially predict prognosis. The statistically significantly predictive variables were then included in a multivariate Cox regression model to determine the independent prognostic risk factors. Statistical analysis of the data was performed using Statistical Package for the Social Sciences (SPSS ® , version 24.0; IBM Corp., Armonk, NY, United States). Statistical significance was defined as a twosided P < 0.05.
RESULTS
Patient characteristics
The detailed baseline clinicopathological characteristics of the 154 GBC patients are displayed in Table 1 
Association between plasma fibrinogen levels and patient clinicopathological characteristics
The median plasma fibrinogen concentration in all patients was 3.54 g/L (range: 1.71-7.47 g/L). The optimum cutoff value for plasma fibrinogen according to the ROC curve was 3.47 g/L, with a sensitivity of 0.709 and a specificity of 0.721 ( Figure 1A) ; the AUC was 0.735 (95%CI: 0.6540.816). The entire cohort was stratified into 2 groups for further analysis: group A, with a plasma fibrinogen concentration > 3.47 g/L, included 79 patients (51.3%); group B, with a plasma fibrinogen concentration ≤ 3.47 g/L, included 75 patients (48.7%) ( Table 1 ). As shown in Table 2 , an elevated plasma fibrinogen level was significantly correlated with resection margin (P = 0.003), degree of differentiation (P = 0.048), jaundice (P = 0.003), T stage (P < 0.001), CA199 level (P = 0.003) and TNM stage (P = 0.011), but was not significantly correlated with gender, age, gallstone history, comorbidity (diabetes), pathological type, N stage, distant metastasis, ABO blood group, or tumor size (P > 0.05).
Association between CA199 levels and patient clinicopathological characteristics
The median CA199 level in all patients was 69.3 U/mL (range: 0.6-10524 U/mL). The optimum cut-off value for CA199 according to the ROC curve was 25.45 U/mL, with a sensitivity of 0.791 and a specificity of 0.574 ( Figure 1B) ; the AUC was 0.729 (95%CI: 0.650-0.808). The entire cohort was stratified into 2 groups for further analysis: group A, with a CA199 level > 25.45 U/mL, included 97 patients (63.0%); group B, with a CA199 level ≤ 25.45 U/mL, included 57 patients (37.0%) ( Table 1 ). As shown in Table 3 , an elevated CA199 level was significantly correlated with resection margin (P = 0.001), jaundice (P = 0.022), T stage (P < 0.001), plasma fibrinogen concentration (P = 0.003) and TNM stage (P < 0.001), but was not significantly correlated with other factors (P > 0.05).
Analysis of factors influencing prognosis
The median follow-up time was 17 mo. One hundred and three patients died during the follow-up period, with an estimated median OS duration of 14.5 mo (range: 0.5-153.0 mo). The 1-year and 2-year survival rates were 55.8% and 35.7%, respectively.
A Cox univariate analysis of OS showed that resection margin (HR: 3.683, 95%CI: 2.468-5.496, P < 0.001), distant metastasis (HR = 2.550, 95%CI: 1.388-4.684, P = 0.003), jaundice (HR = 2.598, 95%CI: 1.644-4.106, P < 0.001), CA199 level (HR = 3.570, 95%CI: 2.213-5.760, P < 0.001), lymph node metastasis (P < 0.001), degree of differentiation (HR = 1.527, 95%CI: 1.031-2.261, P = 0.035), T stage (P < 0.001), TNM stage (P < 0.001), and plasma fibrinogen level (HR = 2.795, 95%CI: 1.853-4.214, P < 0.001) were significantly associated with unfavorable OS (Table  4 ). The OS curve stratified by plasma fibrinogen level showed that GBC patients with a plasma fibrinogen level ≤ 3.47 g/L had longer OS durations than those with a plasma fibrinogen level > 3.47 g/L ( Figure 2A ). In addition, the OS curve stratified by CA199 showed that GBC patients with a CA199 level ≤ 25.45 U/mL had longer OS durations than those with a CA199 level > 25.45 U/mL ( Figure 2B ). Next, we selected the risk factors identified by the univariate analysis described above for multivariate Cox regression analysis of survival. Resection margin (HR = 1.971, 95%CI: 1.288-3.017, P = 0.002), TNM stage (P = 0.003), CA199 level (HR = 1.842, 95%CI: 1.111-3.056, P = 0.018) and plasma fibrinogen level (HR = 1.711, 95%CI: 1.114-2.627, P = 0.014) were identified as independent prognostic factors for GBC patient survival (Table 5) .
Prognostic significance of the combination of plasma fibrinogen and CA199 in predicting the long-term survival of GBC patients
As shown by the above results of multivariate analysis, plasma fibrinogen and CA199 were independent prognostic biomarkers in GBC patients, but whether the combination of plasma fibrinogen and CA199 had the same efficacy remained unclear. As the HR for CA199/the HR for plasma fibrinogen = 1.842/1.711 approximately 1.10, patients with elevated plasma fibrinogen and CA199 levels were allocated a score of 2.1, those with an elevated plasma fibrinogen level only were allocated a score of 1, those with an elevated CA199 level only were allocated a score of 1.1, and those with neither of these abnormalities were allocated a score of 0. We then used the Kaplan-Meier method and a Cox regression model to investigate the prognostic significance of the combination of plasma fibrinogen and CA199 in these GBC patients.
Both the univariate and multivariate Cox regression analyses of survival revealed that the combination of plasma fibrinogen and CA199 was an independent prognostic factor for survival in GBC patients following surgery ( Table 6 ). The results of the OS curve are presented in Figure 3 . Finally, a ROC curve was generated to assess the prognostic accuracy of the combination of plasma fibrinogen and CA199. The results showed that for OS, the AUC of the combination of plasma fibrinogen and CA199 was 0.765 (95%CI: 0.688-0.841) (Figure 4 ), which was higher than that of plasma fibrinogen (0.735, 95%CI: 0.654-0.816) ( Figure 1A ) and that of CA199 (0.729, 95%CI: 0.650-0.808) ( Figure 1B ). These results indicated that the combination of plasma fibrinogen and CA199 may serve as a significant prognostic biomarker that is superior to either plasma fibrinogen or CA199 alone.
DISCUSSION
The incidence of GBC appears to be increasing worldwide, creating an enormous public health and economic burden. Due to a lack of effective prognostic biomarkers, the prognosis of GBC is typically poor. In the present study, we investigated the correlations between biomarkers, clinicopathological characteristics, and survival in patients with GBC undergoing surgical resection. Our results showed that plasma fibrinogen, CA199, resection margin and TNM stage were independent prognostic factors associated with OS in patients with GBC. Elevated plasma fibrinogen and CA199 levels were significantly correlated with worse OS. Moreover, to the best of our knowledge, the current study indicated for the first time that the combination of plasma fibrinogen and CA199 was more efficient than plasma fibrinogen or CA199 alone in predicting the prognosis of GBC patients who have undergone surgical resection. Due to the low incidence of GBC, few studies have examined the correlations between inflammationrelated factors and GBC prognosis. The inflammation related factors explored in previous studies include platelet count (PLT) [35] , platelet to lymphocyte ratio (PLR) [32, 33] , neutrophil to lymphocyte ratio (NLR) [36, 37] and plasma fibrinogen level [30] . Wang et al [35] showed that a PLT > 178 × 10 9 /L was significantly correlated with worse prognosis of GBC (HR = 1.541, 95%CI: 1.038-2.287, P = 0.032) and identified 178 × 10 9 /L as the optimal cut-off value (AUC = 0.798, 95%CI: 0.737-0.858, sensitivity: 0.746, specificity: 0.722). The prognostic accuracy of PLT for GBC was higher than that of plasma fibrinogen in our study (AUC = 0.735, 95%CI: 0.654-0.816, sensitivity: 0.709, specificity: 0.721). However, Pang et al [32] and Zhang et al [33] indicated that PLT was not associated with the prognosis of GBC (HR = 1.013, /L) and different sample sizes (316 patients and 145 patients). Therefore, the prognostic significance of PLT in GBC patients requires further validation.
Zhang et al [33] and Zhang et al [36] demonstrated that NLR was significantly associated with an unfavorable prognosis of GBC (HR = 2.059, 95%CI: 1.253-3.384, P = 0.004, and HR = 1.65, P < 0.001), but the prognostic accuracy of NLR for GBC according to Lingqiang Zhang et al [36] (AUC = 0.637, 95%CI:
0.5560.718, sensitivity: 0.713, specificity: 0.565) was not higher than that of plasma fibrinogen in our study (AUC = 0.735, 95%CI: 0.654-0.816, sensitivity: 0.709, specificity: 0.721). Pang et al [32] showed that PLR was a negative prognostic factor for GBC patients (HR = 2.02, 95%CI: 1.24-3.28, P < 0.001), although the prognostic accuracy of PLR for GBC (AUC = 0.620, 95%CI: 0.542-0.698, P = 0.040, sensitivity: 0.736, specificity: 0.532) was not superior to that of plasma fibrinogen in our study (AUC = 0.735, 95%CI: 0.654-0.816, sensitivity: 0.709, specificity: 0.721). However, Zhang et al [33] showed that PLR was not associated with the prognosis of patients with GBC. Therefore, the prognostic significance of PLR in GBC patients requires further validation.
To date, the only study to explore the prognostic significance of plasma fibrinogen in GBC patients was conducted by Shu et al [30] . Consistent with the results of our study, their results indicated that an elevated preoperative plasma fibrinogen level, poorer margin Table 6 Univariate and multivariate analysis of overall survival in gallbladder cancer patients according to the combination of fibrinogen and CA199
The status and higher TNM stage were independently associated with worse OS. They also showed that lymphatic metastasis was a negative prognostic factor for GBC, but in our study, lymphatic metastasis was not identified as a prognostic factor. This difference may be related to the TNM stage classification standard used in the present study. The newly published AJCC-8 indicated that the number of positive lymph nodes rather than the location of lymph node metastasis is closely related to the prognosis of GBC. The new N stage defined 1-3 positive lymph nodes as N1, 4 or more positive lymph nodes as N2, and no positive lymph nodes as N0. The prognostic significance of plasma fibrinogen in the study conducted by Shu et al [30] (AUR = 0.751, 95%CI: 0.653-0.848) was slightly superior to that observed in our study (AUC = 0.735, 95%CI: 0.654-0.816, sensitivity: 0.709, specificity: 0.721) and had a positive predictive value of 92.73%. This difference may be related to the different optimal cutoff values between the two studies (4.02 g/L and 3.47 g/L) and the different methods used to determine the optimal cut-off values. In their study, the dichotomous variable that was used to determine the optimal cut-off value on the ROC curve was TNM stage, whereas the dichotomous variable used in our study was OS. Our method is accepted by most researchers. Nonetheless, the results of their study support the conclusion reached in our study that the prognostic accuracy of the combination of plasma fibrinogen and CA199 (AUC = 0.765, 95%CI: 0.688-0.841) is higher than that of plasma fibrinogen alone (AUR = 0.751, 95%CI: 0.653-0.848). Many recent studies have demonstrated that an elevated plasma fibrinogen level, as a marker of coagu lation and fibrinolytic activation, is a strong predictor of poor prognosis for various malignant tumors [13, 15, 19, 23, 25] . Additionally, it was found that fibrinogen synthesis is significantly upregulated by inflammation [38] . However, the molecular mechanisms underlying the association between plasma fibrinogen and cancer prognosis is still uncertain. In an in vitro study, Shu et al [30] found that plasma fibrinogen at a high concentration induced epithelial-mesenchymal transition (EMT), thus increasing the migration, invasion, and metastatic capacity of co-cultured GBC cells by increasing the expression of vimentin (a mesenchymal marker) and reducing the expression of E-cadherin (an epithelial marker). EMT is known to confer migration, invasion, and metastatic capacity and multidrug resistance to cells [38, 39] . However, this explanation needs to be verified through basic research in the future.
One of the methodological innovations of our study is that we assigned different scores to patients according to the HR for elevated plasma fibrinogen levels and elevated CA199 levels, instead of assigning all patients a score of 1 as in the previous scoring system. This new scoring method further distinguished the difference in prognostic efficiency between plasma fibrinogen and CA199, rather than simply assigning a score of 1 to each parameter, considering that the HRs for the two parameters are not the same (CA199: 1.842, plasma fibrinogen: 1.711). From the OS curve ( Figure 3 ) and ROC curve (Figure 4) , we observed that the new scoring system effectively improved the prognostic accuracy of the biomarkers.
This study is the first to investigate the prognostic significance of the combination of plasma fibrinogen and CA199 in GBC patients. Inevitably, our study has some limitations that should be acknowledged. First, this study was performed using a retrospective design. Second, although this new scoring method distinguished the prognostic value of different biomarkers and improved prognostic accuracy, the validity and predictive value of this scoring method still require further verification. Third, the data were obtained from a single institution and the sample size was relatively small, which may have influenced the final conclusions. Fourth, to obtain more data, we did not distinguish between patients who underwent radical surgery and those who received palliative cholecystectomy or extended resection. Therefore, our results should be validated by prospective, multicenter studies with a large sample size.
In conclusion, elevated preoperative levels of both plasma fibrinogen and CA199 are independent prognostic factors for GBC. Additionally, the combination of plasma fibrinogen and CA199 showed superior prognostic accuracy compared with either parameter alone. Therefore, the combination of plasma fibrinogen and CA199 can facilitate the identification of GBC patients with poorer survival prognosis before surgery. We hypothesize that the combination of plasma fibrinogen and CA199 could be used as an inexpensive, simple, reliable and reproducible method to determine GBC prognosis in clinical practice.
ARTICLE HIGHLIGHTS
Research background
Gallbladder cancer is a rare hepatobiliary tumor with a relatively low incidence. Due to the lack of significant specific symptoms at the early stage, the prognosis of gallbladder cancer is poor and can be fatal. Therefore, determining a convenient and cost-effective prognostic biomarker is urgently required for patients with gallbladder cancer. Elevated fibrinogen has been demonstrated to be associated with poor prognosis in multiple malignancies, while CA199 is considered a widely accepted diagnostic and prognostic marker of gallbladder cancer. There have been very few studies on the role of fibrinogen in the prognosis of patients with gallbladder cancer. To date, studies on the combined use of fibrinogen and CA199 to predict the prognosis of patients with gallbladder cancer have not been conducted. The combined use of fibrinogen and CA199 avoids inconsistencies caused by the use of a single indicator and enhances predictive efficacy.
Research motivation
The main aim of this study was to validate and identify a convenient and inexpensive combination of biomarkers with a higher prognostic value for patients with gallbladder cancer. From our research, we found that the combination of preoperative plasma fibrinogen and CA199 was a more efficient prognostic factor than either parameter alone in patients with gallbladder cancer. Due to this finding, we can screen potential high-risk candidates for gallbladder cancer and provide prognostic guidance for surgical patients with gallbladder cancer. In addition, this study also provides clinical evidence and preconditions for the future study of how fibrinogen promotes the proliferation and metastasis of malignant tumor cells.
Research objectives
The main objective of this study was to identify a convenient and more efficient prognostic biomarker for gallbladder cancer patients. From this study, we found that both elevated fibrinogen and elevated CA199 were independent risk factors for gallbladder cancer patients. Furthermore, the combination of preoperative plasma fibrinogen and CA199 was a more efficient prognostic factor than either parameter alone in patients with gallbladder cancer. These findings not only provide a further example which proves the relationship between hemostasis and tumor, but also provide powerful clinical evidence for related basic research in the future.
Research methods
We used an Excel table to organize research-related clinical data, and imported these variables into SPSS 24.0 statistical software. We then assigned the different types of variables appropriately. We determined the optimal cut-off values for fibrinogen and CA199 by plotting ROC curves, and then determined the association of fibrinogen and CA199 with other clinicopathological variables using the R × C table. Finally, univariate and multivariate analyses were performed to determine the independent prognostic factors in patients with gallbladder cancer.
Given the different HRs of the two parameters (CA199: 1.842, plasma fibrinogen: 1.711), one methodological innovation of this study was that we assigned different scores to elevated plasma fibrinogen levels and elevated CA199 levels, instead of assigning the same score as in the previous scoring system. This scoring approach further differentiates the difference in the prognostic efficiency between plasma fibrinogen and CA199, rather than simply assigning each parameter with 1 point. Based on the overall survival curve ( Figure 3 ) and the ROC curve (Figure 4 ) in the text, we observed that the new scoring system effectively improved the prognostic accuracy of the biomarkers.
Research results
Our study demonstrated that the best cut-off values for pretreatment fibrinogen and CA199 were 3.47 g/L and 25.45 U/mL, respectively, in patients with gallbladder cancer. After single factor and multivariate analysis, it was shown that elevated pretreatment fibrinogen, elevated pretreatment CA199, resection margin and TNM stage were independent risk factors for gallbladder cancer patients. When the elevated pretreatment fibrinogen and elevated pretreatment CA199 were combined with different assigned scores according to their different HRs, the prognostic accuracy and power was significantly improved (the AUROC increased to 0.765, a relatively high value). These research findings confirm the relationship between hemostatic factors and cancer, in this case gallbladder cancer. How does the hemostatic factor fibrinogen influence the development, growth, and metastasis of gallbladder cancer cells? The underlying mechanism is still unknown, and further studies are required to identify and confirm the mechanism involved.
Research conclusions
In the present study, we found that the combination of preoperative plasma fibrinogen and CA199 is a more efficient prognostic factor than either parameter alone in patients with gallbladder cancer. We proposed that the combination of hemostatic factor and specific oncology markers can better predict the prognosis of gallbladder cancer, as hemostatic and oncology markers can compensate for each other's inconsistency in predicting tumor prognosis and thus enhance overall prognostic efficacy. Fibrinogen is associated with the development, growth, and metastasis of cancer cells, and CA199 is a product of tumor cell growth and metabolism. However, from our study findings, we observed that they had different prognostic efficacy (as they had different HRs) in gallbladder cancer patients; therefore, we assigned different scores to them which differed from the previous traditional scoring system. Using this new method, the prognostic efficacy of these two prognostic biomarkers combined was significantly improved, and this combination was used to screen potential high-risk gallbladder cancer candidates, identify appropriate surgical patients, and adopt the best follow-up strategy.
Research perspectives
In this study, we found that the combination of a hemostatic factor and oncology factor could compensate for each other's inconsistency in predicting tumor prognosis and improve the overall prognostic efficacy. The combination of these factors was more efficient than either parameter alone in predicting the prognosis of gallbladder cancer patients. These factors are inexpensive, easyto-use and highly accurate for determining the prognosis of gallbladder cancer
